We comparatively analyze the rare Λ b → Λℓ + ℓ − channel in standard model, supersymmetry and Randall-Sundrum model with custodial protection (RS c ). Using the parametrization of the matrix elements entering the low energy effective Hamiltonian in terms of form factors, we calculate the corresponding differential decay width and lepton forward-backward asymmetry in these models. We compare the results obtained with the most recent data from LHCb as well as lattice QCD results on the considered quantities. It is obtained that the standard model, with the form factors calculated in light-cone QCD sum rules, can not reproduce some experimental data on the physical quantities under consideration but the supersymmetry can do it. The RS c model predictions are roughly the same as the standard model and there are no considerable differences between the predictions of these two models. In the case of differential decay rate, the data in the range 4 GeV 2 /c 4 ≤ q 2 ≤ 6 GeV 2 /c 4 can not be described by any of the considered models.
Introduction
The ATLAS and CMS Collaborations at CERN have independently reported their discovery of the Higgs boson with a mass of about 125 GeV using the samples of proton-proton collision data collected in 2011 and 2012, commonly referred to as the first LHC run [1] [2] [3] .
Recently, a measurement of the Higgs boson mass based on the combined data samples of the ATLAS and CMS experiments has been presented as m H = 125.09 ± 0.21(stat) ± 0.11 (syst) GeV in Refs [3] [4] [5] [6] [7] . At the same time, all LHC searches for signals of new physics above the TeV scale have given negative results. However, the LHC constraints on new physics effects can help theoreticians in the course of searching for these new effects and answering the questions that the standard model (SM) has not answered yet. We hope that the upcoming LHC run can bring unexpected surprises to observe signals of new physics in the experiment [8] .
Although the SM could be valid up to some arbitrary high scale, new scenarios should exist because we are lacking a proper understanding of some important issues like origin of the matter, matter-antimatter asymmetry, dark matter and dark energy etc. [9] . In the baryonic sector, the loop-induced flavor changing neutral current (FCNC) decay of the Λ b → Λℓ + ℓ − with ℓ = e, µ, τ , which is described by the b → sℓ + ℓ − transition at quark level, is one of the important rare processes that can help us in the course of indirectly searching for new physics effects [10] . Recently, the differential branching fraction of the Λ 0 b → Λµ + µ − decay channel has been measured as a function of the square of the di-muon invariant mass (q 2 ), corresponding to an integrated luminosity of 3.0 f b −1 using protonproton collision data collected by the LHCb experiment [11] . The measured result at 15 [11] . In the literature, there are a lot of studies on this decay channel via different approaches (for some recent studies see for instance Refs. [12] [13] [14] [15] [16] [17] ).
In the present work, we calculate the differential decay rate and lepton forward-backward asymmetry related to the FCNC Λ b → Λℓ + ℓ − transition for all leptons in the SM, supersymmetry (SUSY) and Randall-Sundrum scenario with custodial protection (RS c ). We compare the results with the experimental data provided by LHCb [11] as well as the existing lattice QCD predictions [18] . [19] . Hence, to get ride of any misleading, we will use SMLCSR instead of SM referring to the results that are obtained via using the from factors predicted by the light-cone sum rules in [19] when we speak about the predictions of different models. Note that there are many studies devoted to the calculations of the form factors defining the transition under consideration via different approaches (se for instance [20, 21] ), but our aim here is to use those form factors that are obtained in the full theory of QCD in [19] without any approximation.
The outline of the paper is as follows. 
where V tb and V * ts are elements of the Cabibbo-Kobayashi-Maskawa (CKM) mixing matrix, α em is the fine structure constant at Z mass scale, G F is the Fermi weak coupling constant, q 2 is the transferred momentum squared; and the C which is a function ofŝ
with q 2 lies in the allowed region
where the C N DR 9
in the naive dimensional regularization (NDR) scheme is expressed as
3)
The last term in the right hand side is neglected due to smallness of the order of P E . Here
98, Z SM = 0.679 and sin 2 θ W = 0.23 [22] [23] [24] . The parameter
and
Here α s (m Z ) = 0.118 and β 0 = 23 3 . The function h(y,ŝ ′ ) in Eq.(2.2) is also defined by and,
In Eq.(2.2), the remaining coefficients are given by [24] 
where the k ji are given as The explicit expression for the Wilson coefficient C SM 10 is given as
in the leading log approximation is defined by [22] [23] [24] [25] 
where 14) and
The functions D 16) and
The coefficients h i and a i inside the C 19) where The last new physics scenario which we consider in this work is the Randall-Sundrum scenario proposed to solve the gauge hierarchy and the flavor problems in 1999 [31, 32] . It is a successful model, featuring one compact extra dimension with non-factorizable antide Sitter (AdS 5 ) space-time [33] . This model describes the five-dimensional space-time manifold with coordinates (x; y) and metric [27] [28] [29] [30] . The values inside the parentheses are for the τ lepton.
The scale parameter k is defined as k ≃ O(M P lanck ). We choose it as k = 10 19 GeV. The fifth coordinate y varies in a range between two branes 0 and L. y = 0 and y = L correspond to the so-called UV brane and IR brane, respectively. The simplest RS model with only the SM gauge group in the bulk has many important problems with the electroweak precision parameters [34] . In the present work, we consider the RS model with an enlarged custodial
where P LR interchanges the two SU(2) groups and is responsible for the protection of the Zb L b L vertex (for more information on the model see [33] [34] [35] [36] [37] [38] [39] [40] [41] ).
The effective Hamiltonian for the b → sℓ + ℓ − transition in the RS c model is given as 
where
with
In the above equations,
and θ w is the Weinberg angle. The functions inside ∆Y s , ∆Y ′ s , ∆Z s and ∆Z ′ s are given in [33] [34] [35] [36] [37] [38] [39] [40] [41] . In the case of ∆C
is used where the following three contributions are included [35] :
For the parameters inside the above equations and the related diagrams see [33] [34] [35] [36] [37] [38] [39] [40] [41] . The Q u and Q d are representing the electric charges of the up and down type quarks, respectively. The functions I
given as 
Transition amplitude and matrix elements
The amplitude of the transition under consideration is obtained by sandwiching the corresponding effective Hamiltonian between the initial and final baryonic states, i.e., 32) where p Λ b and p Λ are momenta of the initial and final baryons. To calculate the amplitude, we need to know the following matrix elements which are parametrized in terms of twelve form factors in full QCD:
and 38) where the f
are spinors of the Λ b and Λ baryons, respectively. We will use these form factors from [19] that have been calculated using the light-cone QCD sum rules.
Using the above transition matrix elements in terms of form factors, we find the amplitude of the transition under consideration at different scenarios. In the SM, we find
(2.39)
In the case of SUSY we get
and for RS c we obtain
where R = (1 + γ 5 )/2 is the right-handed and L = (1 − γ 5 )/2 is the left-handed projectors.
In the above equations, the calligraphic coefficients are defined at different models as
(2.43)
3 Physical Observables
The differential decay width
In the present subsection, we would like to calculate the differential decay width for the decay channel under consideration. Using the decay amplitude and the transition matrix elements in terms of form factors, the supersymmetric differential decay rate as the most comprehensive differential decay rate among the models under consideration is obtained as . The functions
(ŝ) and T
SU SY 2
(ŝ) are obtained as
Integrating the Eq.(3.44) over z in the interval [−1, 1], we obtain the differential decay width only in terms ofŝ as
The differential decay rate of RS c is found from
with zero. In the case of SM,
(ŝ) is found from the supersymmetric differential decay rate via setting C
to zero.
The differential branching ratio
In this subsection, we numerically analyze the differential branching ratio that depends on |V tb V * ts | 0.040 Table 3 : The values of some input parameters used in our calculations, taken generally from PDG [42] . By using all these input parameters and the form factors with their uncertainties, we present the dependence of the differential branching ratio of the Λ b → Λℓ + ℓ − on q 2 in SMLCSR, RS c and different SUSY models in figures 1-6. In these figures we also show the experimental data provided by LHCb [11] as well as the existing lattice QCD predictions [18] . We do not present the results for e in the presentations since the predictions at e From figures 1-6 we see that
• for all lepton channels, the SMLCSR and RS c models have roughly the same predictions except for some values of q 2 at which there are small differences between predictions of the SMLCSR and RS c models on the differential branching ratio.
• The areas swept by the SMLCSR are wider compared to those of lattice QCD [18] existing in the µ channel but they include those predictions.
• • In the τ channel, the bands of the SMLCSR and RS c scenarios intersect each other, except for higher values of q 2 , for which the errors of the form factors do not kill the differences between the two model predictions.
• At all lepton channels, the SUSY models show overall considerable deviations from the SMLCSR, lattice QCD and experimental data although they include the predictions of these models for some values of q 2 . The maximum deviations of the SUSY predictions from the results of SMLCSR, lattice QCD and experiment belongs to the SUSY II such that the SMLCSR, lattice QCD and experimental results remain out of the regions swept by the SUSY II model at higher values of q 2 .
• In the µ channel, the experimental data in the interval 18 • Again in the µ channel, the experimental data in the interval 4 GeV 2 /c 4 ≤ q 2 ≤ 6 GeV 2 /c 4 cannot be reproduced by any SUSY models like the SMLCSR, lattice QCD and RS c scenarios.
• In the case of τ as the final lepton, there are considerable differences between different SUSY models' predictions and that of the SMLCSR and these cannot be completely killed by the errors of form factors. The maximum deviations of the SUSY results from the SMLCSR predictions belong to the SUSY II at higher q 2 values.
The lepton forward-backward asymmetry
In this subsection, we would like to present the results of the lepton forward-backward asymmetry obtained in different scenarios. The lepton A F B is defined as QCD [18] and RS c models together with recent experimental data by LHCb [11] . • As far as the SUSY models are considered, in the µ channel, the SUSY models have predictions that deviate from the SMLCSR and lattice QCD predictions, considerably.
All SUSY models reproduce the experimental data in the regions 0 GeV • In the case of the τ lepton, the SMLCSR and RS c have roughly the same predictions on A F B .
• In the τ lepton channel, the SMLCSR and SUSY I have roughly the same predictions for A F B ; however, the remaining SUSY models' predictions deviate from the SMLCSR predictions considerably, although they intersect each other at some points.
Conclusion
In the present work, we have analyzed the semileptonic Λ b → Λℓ + ℓ − decay mode in SMLCSR, different SUSY models and the RS c scenario. Using the form factors calculated in light cone QCD sum rules in the full theory [19] , we evaluated the differential branching ratio and lepton forward-backward asymmetry for different leptons in those scenarios. We also compared the results obtained via SMLCSR, RS c and different SUSY scenarios with the recent experimental data provided by LHCb [11] as well as the existing lattice QCD predictions [18] on the considered quantities. We observed that the regions swept by the SMLCSR model include the RS c predictions although they are somewhat wider compared to those of RS c models for the considered physical quantities. The SMLCSR predictions on the considered quantities in the present work are overall consistent with the lattice QCD predictions provided by Ref. [18] .
The predictions of different SUSY models on the differential branching ratio deviate considerably from the SMLCSR and lattice predictions. The maximum deviations belong to the SUSY II model. In the case of A F B and the µ channel, the predictions of different SUSY models have considerable deviations from the SMLCSR and lattice QCD predictions.
For A F B and the τ channel, the SUSY I and SMLCSR have roughly the same predictions but the other SUSY models have predictions different from that of the SMLCSR.
The experimental data on the differential branching ratio in the µ channel can be reproduced by SMLCSR, lattice QCD and RS c models except for the intervals 4 GeV 2 /c
